range are obtained with Ni-only contacts. We show that the addition of Au to Ni contact metaUization effects an additional order of magnitude reduction in Pc" Ultra-low contact resistivities in the E-8 f_-cm 2 range are obtained with both the Au-Ni and the Au-Ge-Ni systems, effectively eliminating the need for the presence of Ge in the Au-Ge-Ni system. The formation of various nickel phosphides at the metal-InP interfaCe is shown to be responsible for the observed Pc values in the Ni and the Au-Ni systems. We show, finally, that the order in which the constituents of Au-Ni and Au-Ge-Ni contacts are deposited has a significant bearing on the composition of the reaction products formed at the metal-InP interface and therefore on the contact resistivity at that interface.
INTRODUCTION
Historically, the most widely used and researched contact system on n-type III-V semiconductors has been the Au-Ge-Ni system. This is mainly due to the very low values of specific contact resistivity (Pc) achieved with this system. Au-Ge-Ni contacts on InP have been shown to exhibit Pc values in the low E-7 _-cm 2 range [1, 2] . However, few investigations have been concerned with the roles played by the individual constituents or combinations thereof.
Although it has been fLrmly established that Ge in the Au-Ge-Ni system plays a crucial role in lowering Pc to very low values on GaAs [3, 4] , we have found that its presence is not necessary to achieve very low Pc values on InP. Our investigations of Ni, Au, Au-Ni, and Au-Ge-Ni contact systems on InP have resulted in several findings. First, while heat treated Ni-only and Au-only contacts exhibit Pc values in the low E-7 _-cm 2 and in the low E-6 f_-cm 2 range, respectively, combining the two in the Au-Ni system produces Pc values in the E-8 f_-cm 2 range. Second, these In a previous work, we have investigated the reaction of InP with Ni [6] . The variation of contact resistivity during isothermal heat treatment at 400°C is illustrated in Fig. 1 . Within a few minutes at that temperature, Pc drops from its as-fabricated value in the low E-4 f2-cm 2 range to a minimum value in the mid E-7 f_-cm 2 range. Further heat treatment, however, results in a rise in contact resistivity back to the E-4 f2-cm 2 range.
We have determined that the contact structure after only a few minutes at 400°C is made up of three layers. As shown in increase in contact resistivity.
THE Au-Ni CONTACT SYSTEM
A study of the metallurgical interactions of the Ni-Au system by Ivey, et al. [8] has shown that the compound Au3In forms at the metal-InP interface upon heat treatment at 400°C. These investigators, however, did not study the electrical characteristics of this system. The results of our measurements of the contact resistivity of this system during heat treatment at 400°C are shown in This value of Pc is consistent with the results of our previous investigation of the Au-In-InP system [9] .
However, when we reversed the order of the Au and Ni depositions we found, to our surprise, an entirely different situation.
As shown in Fig. 3 , Pc values near the theoretical limit in the E-8 f2-cm 2 range are achieved when Aurather than Ni is deposited fin'st on the InP. In order to determine why the electrical behavior of the Au-Ni system is so different (and better) than the NiAu system, we attempted to identify the reaction products at the metal-InP interface.
To enable an _alysis by EDS we removed, via a thiourea-based etchant, the top metallization layer to access the reaction products that are in direct contact With the InP. Fig. 4 A comparison between the Ni (Fig. 2a) and the Au-Ni (Fig. 2c) contact structures indicates As shown, minimum Pc values in the E-7 f2-cm 2 range are obtained after a few minutes at 400°C.
These Pc values are consistent with contact resistivity values reported in the literature [1, 10] . It is also apparent that the electrical behavior of Ge-Au-Ni is very similar to Nionly contacts (Fig. 1) . This similarity has also been observed by other workers [11, 12] .
When instead of CTewe deposited Au first on InP, we observed an additional order of magnitude reduction in the minimum Pc to the E-8 fl-cm 2 range (Fig. 5 ). This reversal in the order of deposition has made this system electrically similar to the Au-Ni system rather than to the Ni-only system. Indeed, a comparison of the electrical behavior of the Au-Ni system (Fig. 3) and the Au-GeNi system (Fig. 5) indicates that the electrical characteristicsof the two systems are quite similar. Therefore, it appears that the addition of Ge to the Au-Ni system is notnecessary to achieve Pc values in the E-8 f2-cm 2 range. 
SUMMARY
The restdts of our study of electrical and metallurgical behavior of the Ni, Au-Ni, and AuGe-Ni systems on n-InP are summarized as follows:
1.
Heat treatment of Ni-InP at 400°C for a few minutes results in the formation of the compound Ni3P at the metal-InP interface, causing a drop in contact resistivity to the E-7 f2-cm 2 range. Further heat treatment for tens of minutes at the same temperature converts the Ni3P layer to the compound Ni2P which results in the Pc values to increase to the E-4 f/-cm 2 range.
2.
The Au-Ni system on InP was shown to exhibit Pc values in the E-8 fl-cm 2 range after short periods of heat treatment at 400°C. It was found that this dramatic drop in contact resistance was due to the formation of Ni4P at the metal-InP interface.
3.
It was found that the presence of Ge in the Au-Ge-Ni system on InP was not necessary in order to achieve Pc values in the E-8 f_-cm 2 range.
4.
The order in which various combinations of metals are deposited on InP was established to be critical in determining the contact resistivities observed with the Au-Ni and the Au-Ge-Ni 
